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Abstract 
The micro- and nanotechnology based biosensing principles open up new possibilities towards the development and 
realisation of robust, user-friendly and cost-effective in-vitro diagnostic platforms. Furthermore, label-free and multi-
analyte detection is envisioned to allow more accuracy and higher throughput in clinical diagnostic. The bioanalytical 
systems are expected to integrate the nanoscale transducers with interface chemistry, and bio-receptors as well as the 
microfluidics, control software and hardware. The final goal of this work is to develop nanopore based multi-
parametric biosensing platform, applicable for label-free detection of blood marker proteins of cardiovascular 
symptoms. 
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1. Introduction 
 
As new technologies emerge in biological applications, microfluidics and microscale lab-on-a-chip-type 
(LOC) devices are getting into the focus of blood analysis development [1]. Availability of health care at 
the bedside through point-of-care analysers will certainly revolutionalize clinical diagnostics. Recently, 
the development of nanopore transducers offer significant improvement in detection limits [2] and 
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therefore the integration of microfluidic functions into e.g. nanopore membrane based sensor chips are 
promising candidates for future LOC applications. 
2. Experimental 
Combination of silicon micromachining and subsequent nanofabrication processes were applied to 
fabricate the transducer device taking into account chemical, electrical and mechanical requirements. The 
fluidic vias, the channel system and the multilayer membrane structure were fabricated by MEMS 
technology including Low Pressure Chemical Vapour Deposition (LPCVD) of silicon-dioxide (SiO2), 
stoichiometric (Si3N4) / non-stoichiometric silicon-nitride (SiNx) layers, evaporation of titanium-dioxide 
and gold layers and multistep Deep Reactive Ion Etching (DRIE) of silicon substrate. High electrical and 
chemical resistance of the mechanical multilayers are of crucial importance considering the nanopore 
based electrochemical measurement method, so the performance of the structural materials were 
extensively characterized by electrochemical impedance spectroscopy and fast chronoamperometry to 
provide a feedback on the optimal layer structuring. Focused Ion Beam milling (FIB) was systematically 
utilized to make pores of specific geometry (see Fig. 1).  
 
 
 
Figure 1. One of the layer structures containing a nanopore matrix fabricated by FIB.  
The platinum layer is sputtered subsequently in order to support the pores during microcutting. 
 
 
The SiO2 / SiNx supporting membrane with optimal layer thickness ratio was adjusted to achieve 
optimal chemical and electrical resistance and low residual stress. The realised silicon structure was 
anodically bonded to the glass microfluidics in wafer level. The final device was interfaced to fluidic 
connection platform designed and realised by the Micronit Microfluidics BV (see Fig. 2).  The layout of 
the proposed platform is illustrated by Fig. 3. 
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Figure 2. The mounting microfluidic platform (a.) and the sealed silicon-glass structures (b.)  
containing the back side fluidic connections addressing the nanopores fabricated in the membrane. 
 
  
 
 
Figure 3. Schematic cross-sectional view of the proposed nanopore membrane structure integrated into the transport microfluidic 
system. The glass wafer contains the fluid manipulation functions. Numbers represent the measurement points for impedance 
characterization. 
3. Results 
The feasibility of the integrated microfluidics for nanopore sensing is characterized in terms of 
contingent shunting and proper sealing by impedance spectroscopy. Given the high resistance of the 
nanopore any leakage or shunting would prohibit the detection of specific changes of pore resistance. DC 
resistance of microfluidic channel is defined between probes 1 and 3 (denoted in Fig. 3.) and membrane 
resistance without nanopore is measured between probes 1 and 2.The slight change in resistance of the 
membrane by increasing KCl electrolyte concentration suggests that 3D passivation of the microchip is 
necessary for improving sensitivity, however, channel resistance is clearly differs due to definite 
dependence on concentration. According to the preliminary measurements, the above microsystem is a 
good candidate for the detection of blood proteins in low concentration analytes. 
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Figure  4. Concentration vs DC resistance curve measured in the integrated transducer chip 
between probe points 1 and 2 (membrane) and 1 and 3 (microchannel). 
 
Conclusion 
 
This work describes functional and design aspects of a silicon based solid state microsystem consisting of 
fluidic interface, microfluidic components and nanoscale sensing transducers. The microfluidic system is 
proposed to cover the sample preparation (e.g. particle separation, mixing etc.) and precise transport, and 
facilitates the application of whole blood as well. 
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